The hydrophilic, long-chain diamine PEGda (O,O′-bis(2-aminoethyl)octadeca(ethylene glycol)), when complexed with cis-protected Pt(II) ions afforded water-soluble complexes of the type [Pt(N,N)(PEGda)](NO3)2 (N,N = N,N,N′,N′-tetramethyl-1,2-diaminoethane (tmeda), 1,2-diaminoethane (en), and 2,2′-bipyridine (2,2′-bipy)) featuring unusual 62-membered chelate rings. Equimolar mixtures containing either the 16-mer duplex DNA D2 or the single-stranded D2a and [Pt(N,N)(PEGda)]2+ were analyzed by negative-ion ESI-MS. Analysis of D2-Pt(II) mixtures showed the formation of 1:1 adducts of [Pt(en)(PEGda)]2+, [Pt(tmeda)(PEGda)]2+ and the previously-described metallomacrocycle [Pt2(2,2′-bipy)2{4,4′-bipy(CH2)44,4′-bipy}2]8+ with D2; the dinuclear species bound to D2 most strongly, consistent with its greater charge and aromatic surface area. D2 formed 1:2 complexes with the acyclic species [Pt(2,2′-bipy)(Mebipy)2]4+ and [Pt(2,2′-bipy)(NH3)2]2+. Analyses of D2a-Pt(II) mixtures gave results similar to those obtained with D2, although fragmentation was more pronounced, indicating that the nucleobases in D2a play more significant roles in mediating the decomposition of complexes than those in D2, in which they are paired in a complementary manner. Investigations were also conducted into the effects of selected platinum ( 
Introduction
The binding of small molecules to DNA, both in terms of fundamental chemistry as well as drug design, is a topic of intense research activity.
1-4 Organic compounds and mono-and di-nuclear metal complexes 5, 6 have provided a wealth of insight into the way small molecules interact with DNA via non-covalent minor and major groove binding, intercalation, and electrostatic interactions, as well as via the formation of covalent adducts.
A number of recent studies have highlighted the potential of metallosupramolecular architectures to exhibit new modes of DNA-binding and biological activity not previously observed with other synthetic systems. For example, a diiron(II) triple helicate has been shown to bind to natural DNA as well as the palindromic hexanucleotide 5¢-CGTACG-3¢. 7 In the latter case, X-ray analysis of single crystals obtained from the helicateoligonucleotide complex revealed the presence of a three-way DNA junction, rather than the expected duplex DNA. In an exquisite example of molecular recognition and guest-promoted self-assembly, the triple-helicate guest occupied the central cavity of the DNA host, undoubtedly stabilising the Y-junction motif. Recent studies on the interactions of metallomacrocycles with nucleic acids also suggest that metallomacrocycles are a potential novel class of DNA-binding compounds that possess unusual DNA-binding features and biological properties. The molecular square [Pt 4 (en) 4 (4,4¢-bipy) 4 ](NO 3 ) 8 (1·8NO 3 ) significantly affects the secondary and tertiary structures of DNA, causes apoptosis and displays a cytotoxicity comparable to that of cisplatin against the HL-60 leukaemia cell line. 8 1 8+ also effectively binds to a G-quadruplex and inhibits telomerase, 9 an enzyme that aids in the protection of chromosomes and is overexpressed in ca. 85% of all cancers. 10 A related complex, the platinum(II) 'metallacalixarene' 2 4+ , binds mononucleotides 11 and interacts non-covalently with calf thymus DNA (CT-DNA). At low concentrations of 2 4+ , DNA supercoiling was observed, whereas atomic force microscopy imaging demonstrated that the DNA uncoiled into long, rigid structures in the presence of high concentrations of the metal complex. 12 Very recently, the tetranuclear ruthenium(II) metallomacrocycle 3 has been reported to interact with duplex DNA with an affinity several orders of magnitude higher than its mononuclear building blocks, producing large scale bending of DNA.
13
Herein we report the synthesis of a series of mononuclear, 62-membered, cationic metallomacrocycles 4·2NO 3 -6·2NO 3 containing a highly flexible polyethylene glycol linker; we recently reported the synthesis and characterisation of a number of highly cationic metallomacrocyclic Pd(II) and Pt(II) complexes, e.g. 8 8+ and 9 8+ , containing ligands that incorporate two positivelycharged N-heterocycles linked by a conformationally-flexible spacer unit.
14 These metallomacrocycles possess high aqueous solubility and charge and contain cavities which are semi-rigid and of nanoscale dimensions. The DNA-binding characteristics of both these classes of complexes with double-and single-stranded DNA (dsDNA and ssDNA, respectively) were investigated using ESI-MS and thermal denaturation experiments. These metallomacrocycles differ from those previously studied with DNA with respect to their level of positive charge and the presence of flexible (4 2+ -6 2+ ) and semi-rigid (8 8+ and 9 8+ ) nanoscale cavities. These species can adopt conformations with a variety of shapes and dimensions that may recognise different features of ssDNA and/or dsDNA. In addition, the large cavities allow for a possible topological interaction by encircling DNA in a noncovalent manner much like the natural toroidal proteins such as DNA sliding clamp proteins.
15,16

Results and discussion
Complexes 4 2+ -6 2+ incorporate the hydrophilic, long-chain diamine O,O¢-bis(2-aminoethyl)octadeca(ethylene glycol) (PEGda), while the acyclic diammine complex 7 2+ was studied as a control compound. PEGda was chosen as the dimensions, functionality and solubility of the resultant large metallomacrocycles 4 2+ -6 2+ are in the range to permit encircling of both ssDNA and dsDNA (~2.5 nm diameter). As Pt(II)-bipyridyl complexes have been reported to interact weakly with DNA by intercalation, 17 5 2+ and 6 2+ were prepared as analogous complexes that lack the bipyridine ligand. The incorporation of N,N,N¢,N¢-tetramethylethylenediamine (tmeda) and ethylenediamine (en) ligands in 5 2+ and 6 2+ , respectively, would be expected to modulate the hydrogen-bonding and hydrophobic characteristics of these complexes.
We have reported the design and synthesis of the hexa-bipyridyl complexes 8 8+ and 9 8+ . 14 These cationic metallomacrocyles are highly water-soluble and provide semi-rigid cavities of different dimensions that are complementary in size to the dimensions of ssDNA. The acyclic complex 10 4+ , which represents approximately one-half of complexes 8 8+ and 9 8+ , was designed as a control to investigate encircling versus surface interactions of the complexes with nucleic acids.
Synthesis
The preparation of complexes 4·2NO 3 -6·2NO 3 required conditions that would favour the formation of the 62-membered chelate complexes from the flexible diamine PEGda, in preference to linear, cyclic, catenated, bridged and other oligomeric products. While high dilution conditions are often used to promote formation of the thermodynamically-favoured chelate complex, in this study heating solutions of PEGda and suitable metal complex precursors for extended periods, in order to convert any kinetically formed oligomeric intermediates to the desired [1 + 1] macrocycles, allowed the successful preparation of complexes 4·2NO 3 -6·2NO 3 .
The synthesis of 4·2NO 3 was first attempted by mixing a warm aqueous suspension of [Pt(2,2¢-bipy)(NO 3 
21,22
ESI-MS Experiments
Electrospray ionisation mass spectrometry (ESI-MS) was used to probe the interactions between DNA and complexes 4 2+ -7 2+ , 8 8+ , 9 8+ , and 10 4+ . The dsDNA duplex D2, which is formed from the two non-self-complementary strands 5¢-CCTCATGGCCATGACC-3¢ (D2a) and 5¢-GGTCATGGCCATGAGG-3¢ (D2b), was chosen as this is a well-studied sequence that has been used to characterize small molecule/DNA interactions by means of ESI-MS. 23 In addition, the strands D2a and D2b have different masses (4802.0 and 4962.5 Da, respectively, as the protonated form of the phosphodiester) and therefore can provide more information than in the case of self-complementary oligonucleotides where the strands are of equal mass.
The oligonucleotide length of 16 base-pairs was chosen to accommodate the potential binding site size of the largest metallomacrocycle 9
8+ with DNA, assuming it adopted a fully extended conformation, and also provided an overall negative charge sufficient to neutralise the 8+ charge on each macrocycle that bound to the DNA. In addition, this number of base pairs was included to allow a possible threading mechanism in which the metal complexes could encircle the DNA and allow sufficient residence time of the metal complex-DNA hybrid for detection, prior to any dissociation (unthreading) of the macrocycle. It was presumed that the residence time of such a complex would be very low with only weak interactions holding the adduct together and that its detection would be exceedingly difficult. However, its existence, in equilibrium with other modes of binding, may be reflected in product distributions observed by ESI-MS.
The detection of gas phase ions from DNA solutions in the presence and absence of metal complexes was carried out in the negative-ion mode. 24 As expected, the negative-ion ESI mass spectra of D2 in both H 2 O and 0.1 M NH 4 OAc allowed detection of several charge states and a range of [D2 -nH + ] n-ions was observed, with the 6-, 5-and 4-anions being the most abundant. Ions of low abundance assigned to the single-strands [D2a -nH + ]
nand [D2b -nH + ] n-were also detected. Mixtures containing the platinum(II) complexes and either dsDNA D2 or ssDNA D2a were prepared. These experiments typically involved the analysis of freshly-prepared mixtures containing [complex] = [D2 or D2a] = 10 mM (i.e. a DNA: complex ratio of 1 : 1) in 0.01 M NH 4 OAc (pH 7.0); in some cases 0.1 M NH 4 OAc (pH 7.4) was also used.
Interactions with double-stranded DNA
ESI-MS analysis of a mixture containing equimolar amounts of the diplatinum(II) complex 8 8+ and D2 showed the formation of 1 : 1 D2 adducts of the metallomacrocycle, and no evidence of fragment ions derived from 8 8+ . When 2.5 equivalents of the larger metallomacrocycle 9 8+ were used, ions assigned to two of these cations binding to D2 were detected. However, at the higher concentration, adducts of fragment ions of 9 8+ with D2 were also View Online observed. The interaction of two molecules of either 8 8+ or 9 8+ , which have a total charge of 16+, with D2 (which has an overall charge of 32-in solution) is clearly driven by strong electrostatic interactions.
In order to better understand the effects of size and charge of 8 8+ and 9 8+ on DNA-binding, the interactions of D2 were studied with the mononuclear derivative 10 4+ . The mass spectrum ( Fig. 1 ) featured intense 6-ions arising from free D2 (m/z 1626.4) and its 1 : 1 adduct with 10 2+ (m/z 1740.0), and the ions of these species in the 5-charge state were prominent. In addition, small amounts of D2a and D2b were detected, and adducts with 10 4+ were observed. Low abundance but detectable ions with m/z values higher than [D2 + Pt(2,2¢-bipy)(Mebipy) 2 4+ -nH + ] (n-4)-were also detected. These were assigned to a 1 : 2 adduct, present as both 6-and 5-anions. Formation of a 1 : 2 adduct between the 16-mer DNA and the mononuclear complex 10 4+ is easily accommodated by the small binding site which spans approximately 3-4 base-pairs, and the overall +4 charge. In contrast, at a 1 : 1 ratio, the larger binding site and the overall charge neutralisation of D2 upon binding the dinuclear complex 8 8+ is likely to disfavour the interaction of a second octa-cation with DNA, and the formation of 2 : 1 adducts between 8 8+ and D2 were only detected when 8 8+ was present in excess (2.5 equiv). 
The ESI mass spectrum of a solution containing equimolar quantities of the PEGda complex 5 2+ and D2 is presented in Fig. 2 . The high intensity of free D2 ([D2 -nH + ] n-; n = 5, 6) relative to other ions indicated that the binding of D2 to 5 2+ is very weak. While the observed intensities of adduct ions were very low, the species [D2 + Pt(tmeda)(PEGda) 2+ -nH + ] (n-2)-(n = 7, 8) were detected in the gas phase (m/z 2205.5 and 1837.8 respectively). Similar results were observed with the analogous en complex 6 2+ . 
In contrast, no D2 adducts were detected with the related 2,2¢-bipy complex 4 2+ . Ligand dissociation processes involving the PEGda ligand would be somewhat favoured in the case of 4 2+ , in which the p-acceptor bipyridine ligand is known to exert a higher trans effect than RNH 2 ligands, 25 leading to fragmentation of the complex prior to DNA binding although no evidence of this process was observed. It is clear from these experiments that the presence of the PEGda ligand in 4 2+ -6 2+ is the most important factor in modulating DNA binding. The acyclic diamine complex 7 2+ confirmed that the PEGda ligands significantly reduce the relative affinity of 4 2+ -6 2+ for DNA, irrespective of the nature of the smaller chelating ligand. Indeed, complex 7 2+ exhibited a significant affinity for D2 at a 1 : 1 molar ratio; ions resulting from two of these dications bound to each duplex were detected, while there was evidence of up to four cations interacting with the duplex D2 when a 1 : 5 molar ratio was used ( Fig. 3; e.g. the ion at m/z 2259.7). The most intense adduct ions were assigned to 1 : 1 species, with ions corresponding to the binding of two, three and four diamine complexes being successively less abundant. While 7 2+ and the PEGda complexes 4 2+ -6 2+ possess the same overall charge, the large PEGda ligand significantly reduces the formation of DNA adducts observed by ESI-MS presumably by modifying the kinetics of the DNA interaction as the large, macrocyclic ring may adopt some conformation which precludes strong DNA binding. The significant loss of entropy associated with the long, flexible PEG chain and/or steric clashes involving the PEGda ligand may also contribute to the weak DNA binding of 4 2+ -6 2+ . Interactions with single-stranded DNA ESI-MS analysis of an equimolar mixture of D2a and 8·8NO 3 (in 0.01 M NH 4 OAc) (Fig. 4(a) ), showed several peaks. The most intense peak was assigned to D2a bound to one dinuclear complex consistent with the high charge and large aromatic surface area of 8 8+ . A 1 : 1 adduct was also observed with the larger metallomacrocycle 9 8+ (data not shown). Two further species, each present in the 4-and 3-charge states, were identified as the D2a adducts of the fragments [Pt 2 (2,2¢-bipy) 2 {4,4¢-bipy(CH 2 ) 4 4+ , both of which have the potential to bind covalently to D2a.
The control experiment with the acyclic complex 10 4+ showed the presence of several adducts, and up to two intact complexes bound to a single molecule of D2a were observed (Fig. 4(b) ). This result is in contrast to the corresponding dinuclear complexes 8
8+ and 9
8+ in which 1 : 2 adducts were not observed, and is likely a 8+ was assessed at a 1 : 2.5 ratio due to the precipitation of an unidentified white solid from solution at higher concentrations (vide infra).
A convenient method of comparing DNA-binding is to consider the relative abundances of different DNA/drug adducts. 26 Thus, solutions containing DNA and each compound were prepared in 0.1 M NH 4 OAc and subjected to ESI-MS analysis by using a cone voltage = 70 V. The analysis was achieved for each adduct by summing the intensities of ions assigned to this species and dividing by the total intensity of all ions containing D2 (either free or bound). The ions present in the spectra of double-stranded D2 were the 5-and 6-ions. The analysis is illustrated below in the case of 10 4+ with the ESI mass spectrum given in Fig. 5 . Two progressions of 6-and 5-ions were detected, with each ion corresponding to a D2 molecule bound to between one and four complexes. The relative abundance of, for example, the 1 : 2 adduct, was determined by adding the intensities of the 6-and 5-ions of this species (31 and 28 at m/z 1857.0 and 2228.6, respectively) and dividing by the total intensity of all 6-and 5-ions (156), to give a relative abundance = 59 / 156 ¥ 100% = 38%. This was repeated for all ions of D2 (and its adducts) for each mixture. All experiments were also repeated at cone voltages of 90 V, 110 V, 130 V and 150 V.
The DNA-binding of the four platinum(II) complexes was compared to two well-established DNA-binding agents, distamycin A 27 and daunomycin. 28 The naturally-occurring tripeptide distamycin is a well-characterised DNA minor groove binder with a preference for AT tracts, while the antitumour antibiotic, daunomycin interacts preferentially with GC tracts via intercalation and minor groove-binding of the daunosamine sugar. While D2 does not contain a contiguous tract of AT base pairs, distamycin has been previously shown to bind to this sequence.
29
Fig . 6 shows a plot of the relative abundances of drug/D2 adducts for 6 2+ , 7 2+ , 9 8+ and 10 4+ as well as distamycin and daunomycin. As expected, distamycin showed a high affinity towards D2, and the presence of high intensity ions assigned to 1 : 2 and 1 : 4 adducts is consistent with the reported cooperative binding of two distamycin molecules in the DNA minor groove.
27
Similar results have been reported previously, 29 in which a 1 : 3 D2/distamycin mixture (in 0.1 M NH 4 OAc) afforded exclusively 1 : 2 adducts in the negative-ion ESI mass spectrum; no 1 : 4 adducts were detected, a result most likely related to the lower molar ratio of distamycin used in their study. Daunomycin also exhibited strong binding to D2 with adducts containing up to five daunomycin molecules being detected. The distribution of the relevant intensities is very similar to previous studies with other 16-mer duplexes, and is as expected given that the average size of a daunomycin DNA-binding site is three base-pairs.
30,31
As expected, 6
2+ was a weak D2-binder, with 1 : 1 adducts being present at 5% relative abundance, and 95% of the assigned ions arising from free D2. Complex 7 2+ afforded adducts containing up to four cations bound to D2, with a much lower relative abundance of free D2 being observed (21%). Thus, under the conditions used, the PEGda metallomacrocycle 6 2+ binds D2 more weakly to D2 than the acyclic complex 7 2+ . For comparison, in the presence of the acyclic tetracation 10 4+ , no free D2 was detected, which suggests that 10 4+ binds more strongly to D2 than the diammine complex 7 2+ . This conclusion was supported by the 1 : 2 and 1 : 3 adducts having greater relative intensities in the case of the bipyridinium complex 10 4+ . Overall, these results correlate well with charge and aryl surface area, with the relative affinities for D2 ranked as 6 2+ < 7 2+ < 10 4+ . The binding profile of daunomycin is similar to that for 10 4+ , although it is shifted to a greater number of species being bound to D2. Taking into account the detection of ions incorporating up to five daunomycin molecules and the relative intensities of 1 : 4 adducts (36% and 10% for daunomycin and 10 4+ , respectively), daunomycin, not unexpectedly, possesses a higher affinity for D2 than does the tetracation 10 4+ . The binding curve for the dinuclear species 9
8+ was generated using a lower concentration of metal complex due to precipitation of a white solid, presumably the DNA salt of the cation, at higher concentrations. Hence direct comparison of the results with the other curves is not possible. Nevertheless, at a 2.5 : 1 ratio, adducts containing one or two dinuclear species bound to D2 were observed.
Thermal denaturation experiments
The thermal denaturation of CT-DNA in the presence of platinum(II) complexes was studied using a procedure similar to that described by Cusumano and co-workers. 32 Mixtures of CT-DNA and complexes ([base pairs]/[complex] = 10) were prepared in phosphate-buffered saline solution (pH 7.4) and their thermal denaturation monitored spectrophotometrically over the temperature range 37-100
• C. Data were fitted to sigmoidal plots with the maxima of the first derivatives occurring at T m c . The data acquired for CT-DNA in the absence of metal complex (T m
• ) was subtracted from these to obtain DT m . Measurements of all complexes in the absence of DNA showed that these solutions had absorbances which were temperature invariant. The known intercalator ethidium bromide was also used, in order to validate the study and allow for comparison with previously reported results obtained under different conditions.
The results are summarised in Table 1 . The free ligand PEGda and the complexes 5 2+ and 6 2+ had a negligible effect on the melting of CT-DNA, consistent with very weak interactions with DNA. In contrast, the presence of the 2,2¢-bipy ligand in the metallomacrocycle 4 2+ resulted in stabilisation of DNA, as evidenced by DT m of 5.8
• C. The related diammine species 7 resulted in a comparable increase in the DNA melting temperature (DT m = 5.4
2+
• C). These data are consistent with the ESI-MS results and indicate the important contribution of the 2,2¢-bipy ligand in DNA-binding.
Given the substantial length of CT-DNA (>20,000 base-pairs), encircling of DNA by the PEGda bound ligands would likely not occur. The PEGda ligands could, however, participate in non-specific van der Waals interactions as well as H-bonding interactions between the O-atoms and nucleobase H-donor sites, e.g. the exocyclic amino groups of G and A. Such interactions would require the PEGda ligand to adopt a conformation that positioned these atoms near the major and/or minor grooves. The thermal denaturation data suggest that these interactions, if present, are very weak and do not contribute significantly to the stabilisation of DNA.
In contrast to the complexes of PEGda, the dinuclear metallocycle 9 8+ resulted in a marked increase in the stability of dsDNA (DT m = 25.5
• C). The high charge of the dinuclear complex, as well as its large aromatic surface area undoubtedly contribute to strong DNA binding. The tetra-cation 10 4+ also stabilised dsDNA (DT m = 11.3
• C) and gave a change in melting temperature comparable to that of ethidium bromide (DT m = 12.6
• C), but a significantly lower value than for the dinuclear species 9 8+ . This difference is consistent with the reduced size and charge of 10 4+ , relative to that of the dinuclear complex 9
8+ .
Conclusion
The interactions of cationic platinum(II) metallomacrocyles with single-and double-stranded 16-mer oligonucleotides analysed by means of ESI-MS has been contrasted with their ability to stabilise bulk CT-DNA in solution using thermal denaturation measurements. Both the ESI-MS and thermal denaturation studies of mononuclear platinum(II) complexes containing a 62-membered chelate of PEGda were consistent with their very low affinities for nucleic acids. While the PEGda macrocycle is highly flexible, and has dimensions compatible for encircling both double-and single-stranded DNA, under the conditions used in the ESI-MS experiments there was no evidence for the macrocycle binding to either ssDNA or dsDNA by means of a topological interaction. In contrast, the bipyridinium complexes 9 8+ and 10 4+ interact strongly with both ssDNA and dsDNA, a result attributed to their greater number of aryl groups and high overall positive charge. The increase in melting temperature of CT-DNA by the metallomacrocycle 9 8+ parallels increases observed by strong DNA binders such bis-intercalators.
33, 34 While the nature of the binding modes cannot be determined from the experimental results, the stoichiometries of the adducts detected between the 16-mer DNA and 9
8+ suggest that the macrocyclic cavity adopts a conformation that elongates the complex to cover approximately eight basepairs and allows effective neutralisation of the positive charge by the DNA phosphodiester backbone. Further functionalisation of the pyridyl-alkyl-pyridyl coordinating units to include hydrogen bond donor/acceptor groups and or increased hydrophobicity may further modulate the DNA binding characteristics of the complexes.
Experimental
For all ligands, low resolution ESI-MS data were collected using a Finnigan LCQ detector. For all new complexes, high resolution ESI-FT-ICR-MS data were collected using either a Bruker 7.0T or a Bruker Apex 4.7T spectrometer. NMR spectra were recorded at 300 K using a Bruker Avance DPX300 or DPX400 spectrometer. 3 and 9·8NO 3 were prepared as described previously.
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The 16-mers D2a, D2b (Geneworks, HPLC grade) were purified using HPLC (aqueous NH 4 OAc→MeCN gradient) as reported previously. 35 In each case, equimolar quantities 36 of the appropriate strands (both dissolved in 0.1 M NH 4 OAc, pH 7.4) were combined to give a mixture in which the concentration of each of these constituents was 1 mM (values for [ssDNA] were estimated by measurement of UV absorbance at 260 nm using e 260 values for A, G, C and T of 15200, 12010, 7050 and 8400 M -1 cm -1 , respectively). 36 This solution was heated at (T m + 20)
• C and cooled slowly to room temperature to afford a stock solution of the annealed dsDNA, which was used without further purification. CT-DNA (sodium salt, highly polymerised) was resuspended in phosphate-buffered saline solution (1 mM phosphate, 2 mM NaCl, pH 7.4) and its concentration was determined spectrophotometrically.
37 CT-DNA concentration, quantified as [base-pairs], was estimated using e 260 = 13100 M base-pairs -1 cm -1 . 
ESI-MS studies involving DNA
Freshly prepared stock solutions of DNA (1 mM in 0.1 M NH 4 OAc) and metal complexes (200 mM in either 0.01 or 0.1 M NH 4 OAc) were prepared. These were combined and diluted with either 0.01 or 0.1 M NH 4 OAc to give mixtures in which the final concentration of DNA was 10 mM (pH ª 7.0 or 7.4 for 0.01 and 0.1 M NH 4 OAc, respectively). The solutions were mixed by vortexing and left at room temperature for at least 15 min before being analysed. Negative-ion ESI mass spectra were acquired using a Waters Q-ToF Ultima mass spectrometer equipped with a Z-spray probe, calibrated over the appropriate range with CsI (750 mM). Unless otherwise stated, the conditions used were: V capillary = 2.5 V, V cone = 70 V, T source = 25
• C, T desolvation = 100 • C, collision energy = 2. Spectra were acquired by summing 20 scans (10 scans for the comparative binding studies of D2).
Thermal denaturation studies
Thermal denaturation experiments of DNA in the presence of metal complexes were performed using a procedure similar to that employed by Cusumano and co-workers. 32 Mixtures of CT-DNA and complexes ([DNA base pairs] = 78 mM, [complex] = 7.8 mM) were prepared in phosphate-buffered saline solution (1 mM phosphate, 2 mM NaCl, pH 7.4) and their thermal denaturation monitored by recording absorbance values at 260 nm over the temperature range 37-100
• C. The solutions were held at 37
• C for 30 min prior to heating at 0.5
• C min -1 and absorbance readings were taken every 2 min (1 • C). Data were fitted to sigmoidal plots using Origin 7.0 R , and T m values were estimated from the x-intercepts of 2nd derivative plots. All values are averaged over at least two runs for each mixture. These were compared to values obtained for CT-DNA in the absence of metal complex.
